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In contrast to programming with integers, where each number can be represented by a
finite amount of digits, programs on real numbers have to deal with the infinite number
of bits that are necessary to depict a real number in conventional representations. So the
notion of ‘exactness’, which is almost trivial in the integer case, is essential for real number
computations.
The topic of this special issue is to present different approaches to the exactness prob-
lem. Four papers deal with arithmetic on the full set of (computable) real numbers, the
other three cover important subsets: Geometric computations on algebraic numbers, float-
ing point arithmetic with variable precision, and fixed precision floating point arithmetic
enhanced with computer algebra.
The first paper, by Hans-J. Boehm, gives implementational details from his Java package
for constructive recursive real numbers. It shows how a data structure can be build in a
‘conventional’ programming language that preserves all of the information on numbers
through their construction. Additionally, the process of the evaluation of these structures is
addressed.
The methods for the evaluation are the main topic of the second paper: The design of
the underlying algorithms (together with proofs of correctness) is addressed by Valérie
Ménissier-Morain. She gives an insight on how the precision of approximations can be
traced during the computation of many basic real functions.
As a special example of deeply nested iterative computations, Jens Blanck considers
methods for computation of iterated maps, especially the logistic map. Again, the evolution
of the error terms is the main concern in this third paper.
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Instead of the usual imperative programming approaches taken for applications in
numerical analysis, Hideki Tsuiki considers a different paradigm. In paper four, he
addresses the idea of Real Number Computation with Committed Choice Logic Program-
ming Languages.
In paper five Recent progress in Exact Geometric Computation, Chen Li, Sylvain Pion
and Chee Yap give an overview on the current state of research for a very important, large
subset of the real numbers: The algebraic numbers needed in geometrical algorithms.
Details of the significance arithmetic from Mathematica, its implementation, and the
possibilities of adaptive precision in Mathematica are widely unknown. This void is filled
by the paper six from Mark Sofroniou and Giulia Spaletta.
Taylor models combine conventional floating point arithmetic with computer algebra. In
paper seven, Nathalie Revol, Kyoko Makino and Martin Bertz give an introduction to these
models and present a proof of correctness for the algorithms used in the COSY software
package.
We are grateful to the Editor-in-Chief, John Tucker, for inviting us to edit this issue, and
thank all the authors who submitted their 12 high-quality contributions. Special thanks are
due to the reviewers, whose comments even lead to significant improvements of some of
the papers.
